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A Paradigm Shift:

Metabolic Fingerprint
of

Environmental Bacteria

B.Thomas Johnson, CERC-USGS



The Search for Aquatic
Pollutants

The Indicator Paradigm

Indicator microorganisms are used globally
as a warning device of possible microbial and
chemical contamination and as indices of
aquatic toxicity, quality and health concerns.

B.Thomas Johnson, CERC-USGS



The Bacterial Indicator Paradigm:
v Bacteria produce enzymes

v’ Different bacteria produce different
enzymes

v' Different enzymes are inhibited by
different toxins

v Enzyme specific tests identify
specific bacteria

B.Thomas Johnson, CERC-USGS



Aquatic Risk Assessment

e The Issue

— Risk of water-borne environmental
chemopollutants and biopollutants

« The Problem
— Ecological and toxicological
 The Approach

— Detection with bacterial indicator
organisms

« The Method
— Enzyme-Specific Tests

B.Thomas Johnson, CERC-USGS



Uses of Indicator Bacteria in Aquatic Risk Assessment

» Eutrophication
>
> Perturbation

> Biodiversity

B.Thomas Johnson, CERC-USGS



Toxicological
Risk Assessment:
Water

Indicator
Bacteria

The Search for
Microbiological
Perturbation
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Texas Control (LAR) Sediment: 2,6-DNT Degradation




Texas Control (LAR) Sediment: Picric Acid Degradation

Picric acid in pore water from sandy sediment
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Defined Substrate : Enzyme Specific Tests - THC

Fluorogenic
Indicator )

Complex Sugars P Indicator
leolorless)

Glycosidic linkage

Complex Sugars

Glycoside

Heterotrophic Bacteria Exposure

Hydrolysis
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Glycosidases

Total Heterotrophic Count
MPN Assay
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Munitions Degradation Study: Puget Sound

Sediment Analysis: Total Heterotroph Bacterial Count

B.Thomas Johnson, CERC-USGS



Munitions Degradation Study: Puget Sound
Sediment Analysis: Total Heterotroph Bacterial Count

~Sediment DST: SimPlate
Fingerprinting 24 h growth

Under UV

Fluoresces

Sample: Day 28 (Positive Wells)

B.Thomas Johnson, CERC-USGS



Heterotrophic bacterial perturbations during the
degradation of dinitrotoluene (DNT) in Texas
sediment.

Total Heterotrophic Count
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Counts per mg sediment wet weight; Simplate (Idexx)
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Heterotrophic bacterial perturbations during the
degradation of dinitrotoluene (DNT) in Puget Sound

sediments.

Total Heterotrophic Count
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EcoPlate (Biolog) Microbial Community Analysis

The well

Bacteria + Carbon Source (CS) + Indicator
[Redox Tetrazolium salt (TS)]
The reaction:

TS (colorless)
Bacteria + CS + O, —

Reduced TS (Purple-Black)

CO, + H, O + C fragments

Indicator: Purple-Black residue = positive reaction
Substrate utilized by bacteria

B.Thomas Johnson, CERC-USGS



C-N Substrate in Ecoplates

 Polymers
— Glycogen
Carbohydrate
— a~d-Lactose
Carboxylic Acids
— D-galacturonic acid
Amino acids
— L-arginine
« Amines

— Putrescine

 Phenolic compounds
— 2-hydroxylbenzoic acid

B.Thomas Johnson, CERC-USGS



EcoPlate (Biolog) Microbial Community Analysis

Blank Plate (96 wells)
2 3 4 56 7 8 910 11 12
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EcoPlate (Biolog) Microbial Community Analysis

A Water B-Methyl D-Galactonic L-Arginine
Glucoside acid Alactone
B Pyruvic acid D-xylose D-galacturonic | L-Asparagine
methyl ester acid
C Tween 40 L-erythritol 2-hydroxy L-Phenyl-
benzoic acid alanine
D Tween 80 D-Mannitol 4-hydroxy L-Serine
benzoic acid
E o—Cylcodextrin N-acetyl-D- A~ L-Threonine
Glucoamine Hydroxybutyric
acid
F Glycogen D-Gluco-amine Itaconic Acid Glyclyl-L-
acid Glutamic Acid
G D-Cellobiose Glucose-1-PO, o-Ketobutyric Phenylethyl-
acid amine
H o-D-Lactose D,L,a-Glycer-ol D-Malic Acid Putrescine
PO,

B.Thomas Johnson, CERC-USGS



Fingerprinting Protocol for Sediment Biodiversity

B.Thomas Johnson, CERC-USGS




Metabolic Fingerprinting

Blank Plate (96 wells)
1 2 3 4 56 7 8 910 1112
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Metabolic Fingerprinting

CERC Pond Sediment
1 23 4 5 6 7 8 9 10 1112
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EcoPlate (Biolog) Microbial Community Analysis

CERC Pond Sediment

L 2

Galactonic Arginine
acid Alactone

A Water B-Methyl
Glucoside
Pyruvic acid D-xylose Asparagine
methyl ester galacturonic
acid
C Tween 40 L-erythritol 2-hydroxy L-Phenyl-
benzoic acid alanine
D Tween 80 D-Mannitol 4-hydroxy L-Serine
benzoic acid
E o—Cylcodextrin N-acetyl-D- L-Threonine
Glucoamine Hydroxybutyrl
c acid
F Glycogen D-Gluco-amine Itaconic Acid Glyclyl-L-
acid Glutamic Acid

G D-Cellobiose Glucose-1-PO, a-Ketobutyric Phenylethyl
acid
a-D-Lactose | D,L,a-Glycer-ol [DEVEILYL m
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Texas Control (LAR) Sediment: Metabolic Fingerprinting

Control

Hits: 13

DNT

Hits: 7

Similar: 7

Picric Acid

Hits: 11
Similar: 10

Day 1
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Texas Control (LAR) Sediment: Metabolic Fingerprinting

Control

Hits: 13

DNT

Hits: 18

Similar: 11

Picric Acid

Hits: 22
Similar: 12

Day 7
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Texas Control (LAR) Sediment: Metabolic Fingerprinting

Day 14

2 3 4

Control

Hits: 3

DNT

200
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Picric Acid

Picric acid in pore water from sandy sediment
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Summary

Uses of Indicator Bacteria in Aquatic Risk Assessment

» Eutrophication
» Toxicity

» Perturbation
»Biodiversity

B.Thomas Johnson, CERC-USGS
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Questions ???
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2,6-DNT and 2-amino-6-nitrotoluene CH, )ik

. agm . . NOZ NO NOZ NHZ
(2-methyl-3-nitroaniline)in sediment 2 .
and pore water from sandy sediment

10°C 20°C
200 o ANT
180 u 2,6-DNT
s 160
140
£ 5120 I I
§ 2100 | |
U A 80 T —1 |
= 60 | in
= 40 | 17 B
A0 || il |
0 T T T " T " T T p—
0 1 7 14 28! 0 1 3 7 14 28
120
g @) 100 <—. .
EEZ 80 | ud
£ &=
=55 60 T
QO 2 gmp
7Ngx 40 —
=Y))
g 20| I
0 || N
0 7 14 28 0 3 7 14 28

Day
B.Thomas Johnson, CERC-USGS



Sediment Degradation

Picric acid in pore water from sandy sediment

450
= 10°C 20°C

300
150 I
0 1 7
Day
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